INTRODUCTION
Today, more than a century after LeConte [1878] and Gilbert [1884] first studied the earthquake potential of the Basin and Range province following the M = 7.8 1872 Owens Valley, California, earthquake, we still depend on large earthquakes and the permanent deformation they produce at the surface to investigate the mechanics of faulting. Six large historical earthquakes (M > 7) have struck the Great Basin (Table 1) ; of these, only the 1954 M = 7.2 Fairview Peak, Nevada, the 1959 M = 7.3 Hebgen Lake, Montana, and the 1983 M = 7.0 Borah Peak, Idaho, shocks have left a seismic and geodetic record that enables study of the subsurface fault slip (moment magnitudes cited; see Hanks and Kanamori [1979] . From this limited sample and from geologic observations, we must assess seismic hazards in the seven western states shown in Figure 1 . The damage that can be inflicted by large earthquakes in this region depends, first, on the proximity of the active faults to population centers and, second, on the subsurface geometry of these faults.
Whether active faults in the Basin and Range province commonly become listric (decrease in dip to become flat lying) or dip steeply at depth is not known. Resolution of this question is crucial not only to evaluate earthquake hazards but also to understand the mechanism and amount of extension across the Great Basin. Rupture of listric and detachment (flat-lying) faults suggests a shallower seismic source (3-10 km) that can locate farther from the fault trace than does rupture at the base of the seismogenic crust (15 km deep) on planar highangle faults.
Basin range from 10% [Stewart, 1971 ] to 100% [Hamilton, 1985] . The range-bounding normal faults within the Great Basin dip 450-70 ø at the surface, but planar faults with these dips cannot accommodate more than about 25% extension unless the faults are rooted to horizontal slip surfaces or ductile shear zones [Davis, 1980] . Mesozoic thrust sheets may underly many of the high-angle faults, however, supplying the requisite horizontal slip surfaces. Reactivation of the midcrustal thrust sheets as sites of normal slippage requires greatly elevated pore pressures, which have yet to be measured in situ. Great extension may also be accommodated by ductile shear. Ductile shear zones should lie below the depth of peak crustal strength, which occurs at approximately 10-15 km [Sibson, 1982] . Recently, geological mapping and deep seismic reflection profiling in the Great Basin [e.g., Wernicke, 1981; Allrnendinger et al., 1983; Crone and Harding, 1984; Smith and Bruhn, 1984] and teleseismic waveform modeling in other regions of continental extension [EyidoOan and Jackson, 1985] have been offered as new support for listric faults that merge into detachments and shear zones in the upper crust (3-10 km), a geometry first proposed by Longwell [1945] .
The 1983 Borah Peak earthquake affords a rare opportunity to delineate the subsurface fault geometry of an active normal fault, particularly since none of the listric or horizontal reflectors identified as faults have been observed to slip seismically. We use the geodetic record of the Borah Peak earthquake to distinguish between planar and listric fault slip and to identify the maximum depth of seismic slip. We find that high-angle faulting extended to the base of the seismogenic crust and was accompanied by no detectable detachment slip. We also compare the coseismic model with the earthquake source parameters measured from seismic radiation at much shorter periods than the geodetic observations and find these measurements to be compatible. Finally, we compare the Figure 3 , and only about 1% of the maximum coseismic signal. Table 2 lists the leveling specifications. We examine all surveys for elevation-dependent error, using the method of Stein [1981] , and found none. Inaccurate rod calibration corrections and, under some circumstances, unmodeled refraction error cause a dependence of elevation change on the elevation. In these cases, elevation change and elevation profiles tend to mimic or mirror each other and thus disclose a systematic error unaccounted for by random error estimates. If tilt and slope were correlated, this error could be identified and removed. Regression coefficients were calculated, but the fact that none of these coefficients departs significantly from zero indicates no systematic errors larger than the limits of detection, 20 ppm times the maximum topo- To summarize, the cumulative uncertainty of BM displacements at each end of the leveling route is 20 mm; the uncertainty of points of greatest relief (km 30-km 40, Figure 3) is nearly the same, owing to smaller random error and a larger potential for slope-dependent error. The uncertainty in elevation change of adjacent BM's is less than 2 mm.
ANALYSIS Coseismic Model
We seek the simplest dislocation that can explain the observed elevation changes, subject to surveying errors. Fault slip is approximated by uniform displacement on rectangular surfaces embedded in an elastic half-space, using the expressions of Mansinha and Smylie [1971] . We neglect the effect of surface topography [McTigue and $egall, 1984] , changes in elastic moduli with depth, and the stress singularities at the perimeter of the model fault plane.
Our strategy was, first, to model a fault of infinite length along strike. We found the fault dip and width (downdip dimension) that gives the best fit to the data, solving for the absolute elevation change (or zero datum) and the fault slip by minimizing residuals in a least squares sense. We then model a fault with finite length, striking parallel to the surface rupture, using the two-dimensional results as a guide. By trial and error we find the dip, width, and fault length that minimize the 
Implications for Earthquake Prediction in the Great Basin
The base of a seismic fault is a plausible site for slippage before an earthquake. Detection of preseismic fault slip at a depth of 12-15 km is a much more challenging task than if premonitory slip were to take place on a detachment surface located at much shallower depths. To monitor slip at a depth of 12-15 km on a fault dipping 45 ø, geodetic surveys must 
